The synthesis, characterization and thermal degradation of yttrium and lanthanum methanesulfonates is reported. The prepared salts were characterized by elemental analysis and infrared spectroscopy. The thermal degradation study was performed using thermogravimetry (TG), differential thermal analysis (DTA) and differential scanning calorimetry (DSC). Using the thermogravimetric data, a kinetic study of the dehydration of Y and La methanesulfonates was performed employing the Coats-Redfern and Zsakó methods. It was verified that under heating, yttrium and lanthanum methanesulfonates undergo three main processes: dehydration, thermal degradation and oxide formation. Furthermore, depending on the nature of the atmosphere, i.e., inert or oxidant, the thermal degradation process could be endothermic (N 2 ) or exothermic (air).
INTRODUCTION
The first study dealing with the methanesulfonate anion (CH 3 SO 3 -) was performed by Dawson et al. 1 However, there are still relatively few papers in the literature dedicated to the study of this class of compounds.
The aim of this article is to report the synthesis, characterization and a thermal degradation study of yttrium and lanthanum methanesulfonates. The prepared salts were characterized by elemental analysis and infrared spectroscopy. The thermal degradation study was performed using thermogravimetry (TG), differential thermal analysis (DTA) and differential scanning calorimetry (DSC).
The present study enlarges those previously performed [2] [3] [4] since the temperature range now considered (298-1623 K) is larger than that previously studied (298-1173 K). Furthermore, a complete characterization of the residues after thermal degradation has now been performed, as well as a kinetic study of the thermal dehydration process for Y and La methanesulfonates.
EXPERIMENTAL
All reagents were of analytical grade and were employed without further purification. The Y(III) and La(III) methanesulfonates were prepared from the respective hydroxycarbonates. The hydroxycarbonates were prepared as follows: 10.0 g of Y 2 O 3 or La 2 O 3 were suspended in 10.0 cm 3 of deionized water, and then a 10 % HCl solution was added dropwise under heating until complete dissolution of the oxides. The obtained solution was evaporated and then diluted with deionized water to a volume of 50 cm 3 , followed by filtration. Then, more deionized water was added to a volume of 800 cm 3 . The solution, the pH of which was in the range 3-4, was then heated to boiling and a 1.0 mol dm -3 urea solution was added until complete precipitation of the hydroxycarbonate. The obtained hydroxycarbonates were then exhaustively washed with deionized water and dried at room temperature for 12 h, and then at 350 K for a further 24 h.
The Y(III) and La(III) methanesulfonates were synthesized as follows: 2.0 g of the respective hydroxycarbonate was suspended in 20.0 cm 3 of deionized water. Then, methanesulfonic acid was added dropwise to the boiling suspension. The obtained solution was filtered. The residue was composed of unreacted hydroxycarbonates. The filtrate was evaporated in a water bath. The obtained solids were dried at room temperature and stored under vacuum in a dessicator.
The CHN elemental analysis was performed with a Perkin-Elmer model 2400 elemental analyzer. The infrared spectra were recorded in KBr discs on a Perkin-Elmer 1750 spectrophotometer. The metal contents were determined by EDTA titration, and the sulfur content was determined by the Schöniger volumetric method. 5 The thermogravimetric curves were obtained using a Shimadzu TGA-50 apparatus under both a nitrogen and an air atmosphere at a heating rate of 10 K min -1 . To obtain a "large" mass of the final residues from the thermal degradation of the studied methanesulfonates (for X-ray analysis), a Shimadzu TGA-51 apparatus was used. In this case, the TG curves were obtained under a nitrogen atmosphere at a heating rate of 20 K min -1 .
The TG-DTA curves were obtained using a SDT 1500 instrument (TA Instruments). The DSC curves were obtained using a Shimadzu DSC-50 apparatus. Both the TG-DTA and DSC curves were obtained under a nitrogen atmosphere at a heating rate of 10 K min -1 . The TG-DTA curves were also recorded under an air atmosphere.
The X-ray diffraction patterns were obtained using a Phillips PW 1710 diffractometer (CuKa radiation).
From the thermogravimetric data, a kinetic study of the dehydration of Y and La methanesulfonates was performed employing the Coats-Redfern 6 and Zsakó 7 methods.
RESULTS AND DISCUSSION
The obtained elemental analysis results, and the respective proposed formulas are summarized in Table I . The synthesized methanesulfonates were found to be very hygroscopic. The main infrared bands for the synthesized compounds are summarized in Table II . All the obtained infrared bands are in good agreement with previously reported results, 2-4 which confirms the identity of the synthesized methanesulfonates. Table III . Under heating, the studied methanesulfonates undergo three main processes: dehydration, thermal degradation and oxide formation. In Table III , T 1 is related to salt dehydration, T 2 to thermal degradation of the salt and T 3 to formation of the respective oxide. As can be seen from the DTA curves and the data in Table III , depending on the nature of the atmosphere, i.e., inert or oxidative, the thermal degradation process can be either endothermic (N 2 ) or exothermic (air). Hence, it was shown that under an oxidative atmosphere, the rupture of the metal-ligand bonds (an endothermic process) is followed by the combustion of the organic moiety (a very exothermic process).
Mass loss data alone are not sufficient to enable the products formed during the thermal degradation process to be unambiguously identified. However, it can be assumed that a mixture of sulfides, sulfate and dioxide is formed. To clarify this question, the solid residues after thermal degradation of the methanesulfonates under nitrogen atmosphere remaining at 673, 873, 1073, 1273 and 1623 K were analyzed by infrared spectroscopy and X-ray diffractometry. T are the "onset" temperatures on the DTG and DTA curves. Dm is the percentage mass loss. (+) is for an exothermic process and (-) is for an endothermic one. T 1 is related to salt dehydration, T 2 to thermal degradation of the salt and T 3 to the formation of the respective oxide.
The infrared spectra of the thermal degradation residues remaining at the previously mentioned temperatures are shown in Figs. 5 and 6. The main infrared bands are summarized in Table IV . These bands are characteristics of the sulfate group in oxo-sulfates, and are named n 1 , n 3 and n 4 , respectively. 8,9 The X-ray diffraction patterns for the residues after thermal degradation of Y and La methanesulfonates at 673, 873, 1073, 1273 and 1623 K under a nitrogen atmosphere are shown in Figs. 7 and 8, respectively. Based on these X-ray data, and by comparison with standard X-ray profiles, 10 it can be concluded that, after thermal degradation under a nitrogen atmosphere, the main species are Ln 2 S 3 (673 K), Ln 2 O 2 SO 4 (873-1273 K) and Ln 2 O 3 (at 1623 K and above), Ln = Y or La. This conclusion is substantiated by the infrared data. Furthermore, the residue isolated at 673 K is yellow, whereas those isolated at higher temperatures are white. Also the residues isolated at higher temperatures exhibited a higher crystallinity and larger grain sizes.
The dehydration and thermal decomposition enthalpies for the studied methanesulfonates, as obtained by DSC analysis are presented in Table V . As can be seen, the lanthanum methanesulfonate exhibits larger dehydration and thermal decom- position enthalpies in comparison with yttrium methanesulfonates. This suggests a correlation with the atomic and ionic radius, since lanthanum is the larger cation. The DSC curves are shown in Fig. 9 . The calculated kinetic parameters for the dehydration processes are summarized in Table VI similar results. Furthermore, the values of the activation energy are heating rate dependent; higher heating rates are associated with lower activation energies. Such fact could be attributed to an increase in the intra and intermolecular vibrations with increasing temperature. That is, the thermal degradation process is more favorable at higher temperatures (higher vibrations) and thus requires lower activation energies. Generally the lanthanum compound exhibits higher activation energies associated with the dehydration process. Such fact could be explained by the fact that the lanthanum compound has two water molecules in its coordination sphere, whereas the yttrium compound has four. Hence, the water molecules are bound more strongly in the lanthanum complex than in the yttrium compound. For both compounds, independent of the heating rate, the dehydration process (release of water molecules) is a first order (n = 1) reaction, in agreement with the fact that a single mass loss step is associated with the release of water molecules. Objavqena je sinteza, karakterizacija i prou~avawe termi~ke degradacije itrijum-i lantan-metansulfonata. Dobijene soli su okarakterisane elementalnom analizom i IR spektroskopijom. Prou~avawe termi~ke degradacije postignuto je primenom termogravimetrije (TG), diferencijalne termalne analize (DTA) i diferencijalne skaniraju}e kalorimetrije (DSC). Koriste}i termogravimetrijske podatke, prou~a-vana je kinetika dehidratacije Y i La metansulfonata primenom Coats-Redfern i Zsakó metode. Potvr|eno je da itrijum-i lantan-metansulfonati podle`u slede}im glavnim procesima: dehidrataciji, termi~koj degradaciji i gra|ewu oksida. [tavi{e, zavisno od prirode atmosfere, tj. da li je inertna ili sadr`i oksidans, termalni proces mo`e biti endotermni (N 2 ) ili egzotermni (vazduh).
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